Journal of Vascular Diagnostics and Interventions Dovepress submit your manuscript | www.dovepress.com Dovepress 23 R e V I e w open access to scientific and medical research
Introduction
The term "vascular anomalies" refers to a heterogeneous group of disorders with distinct clinical and radiologic features. Diagnoses can often be determined by incorporating the history, physical examination, imaging (for some diagnoses), and chronologic course. An updated classification provides structure and allows for clarity and consistency in terminology. Recent interest and advances in clinical and basic research have contributed to a more profound understanding of vascular anomalies and new treatment modalities.
The classification of anomalies has evolved based on anatomic and clinical features and is reviewed by Wassef and Blei. 1 The most widely accepted classification is based on the original observations by Mulliken and Glowacki, 2, 3 whereby vascular anomalies are divided into those that are proliferative during all or part of the life cycle (vascular tumors -benign) and those that are predominantly structural anomalies (vascular malformations). Vascular malformations (VMs) are further characterized by the predominantly affected vessel (arterial, venous, lymphatic, capillary -individually or combined) and subclassified into truncular and extratruncular vessels. Staging systems based on escalating clinical symptoms or anatomic extent have been developed by Schöbinger 4 (for arteriovenous malformations [AVMs]) and de Serres et al 5 (lymphatic malformations [LMs] ). The original Mulliken classification was recently expanded and updated to incorporate new entities, genetic information, and syndromes. 6 Terminology in this review is aligned with the classification of the International Society for the Study of Vascular Anomalies (ISSVA) ( Table 1) , available at http://www.issva.org/content.aspx?page_id=22&club_ id=298433&module_id=152904. Figure 1 provides a schematic representation of the development of the vasculature in vascular anomalies.
Congenital vascular anomalies are those that are evident at birth and can be VMs or vascular tumors. If present at birth, it is likely that the lesion could be diagnosed prenatally, although this is not always appreciated. Vascular tumors that are present at birth include the congenital hemangiomas (rapidly involuting congenital hemangioma [RICH] , noninvoluting congenital hemangioma [NICH]), Kaposiform hemangioendothelioma (KHE), and multifocal lymphangioendotheliomatosis. VMs present prenatally and at birth, however, may not be visible. Early detection of vascular anomalies is important, as this may affect childbirth decisions. Additionally, early awareness of vascular lesions and potentially associated syndromic features can inform evaluation and management strategies. 7 Imaging for vascular anomalies has been well reviewed in several manuscripts. Nozaki et al, 8, 9 in a pictorial review titled "Syndromes associated with vascular tumors and malformations", as well as an article titled "Imaging of vascular tumors with an emphasis on ISSVA classification", impart a well-organized logical presentation based on the ISSVA classification (albeit the earlier version). Calvo-Garcia et al, 10 in "Imaging of fetal vascular anomalies", provide an update of prenatal diagnosis with ultrasonography and fetal magnetic resonance imaging (MRI). We also refer the readers to review published consensus statements regarding the diagnosis and treatment of VMs. 7, 11, 12 Nozaki et al 9 present a simple flowchart for radiologic evaluation of patients with vascular anomalies (Figure 2) , and a more complex algorithm is presented by Tekes et al. 13 Burrows 14 and Rosen et al 15 provide thorough reviews of the role of interventional radiology in VMs. Waner and O 16 provide a review of the role of surgery in VMs.
Congenital hemangioma
Congenital hemangiomas include RICH, NICH, and partially involuting congenital hemangioma (PICH), although the latter two diagnoses are temporally determined, when the initial lesion involutes only partially (in the case of PICH) or not at all (as in NICH). 17 In contrast to infantile hemangiomas, which are either undetectable at birth or minimally apparent with a precursor mark or discoloration, congenital hemangiomas are more easily discernable. Histologically, the congenital hemangiomas are negative for the glucose transporter type 1 (GLUT-1) marker, whereas hemangiomas of infancy stain strongly positive. 18 Figure 3 demonstrates the stages of proliferation and involution of hemangiomas of infancy, as well as the associated features. RICH-type lesions can be associated with high flow, causing a fetal and postnatal high cardiac output state, and they may 19 There is one other presentation termed "rapidly involuting congenital hemangioma with fetal involution", which has a distinctive appearance. 20, 21 Images of congenital hemangiomas are shown in Figure 4 . 
Imaging of RICH and NICH
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Blei and Bittman prominent vessels are often detected in the periphery of the lesion with a relatively hypovascular center. 22 RICH are markedly hyperintense on T2-weighted MRI, and larger lesions are often heterogeneous due to central thrombosis, necrosis, and/or fibrosis. Small lesions may be homogeneous on T2-weighted imaging. On T1-weighted imaging, they are hypointense relative to normal liver parenchyma and may contain foci of bright signal due to internal hemorrhage. On arterial phase postgadolinium images, the enhancement pattern is peripheral and nodular, which follows the signal of the blood pool. Portal venous and delayed phase imaging shows progressive centripetal enhancement. 23 Computed tomography (CT) is not the preferred modality due to the potential harmful effects of ionizing radiation to the newborn. Findings with noncontrast CT include a well-defined mass that is hypodense to the adjacent liver. The postcontrast enhancement pattern is similar to that observed with MRI, ie, peripheral nodular enhancement and centripetal enhancement on delayed phase images. Serial ultrasonography of the liver is commonly performed to ensure progressive shrinkage of the lesion. If there is interval growth, then a biopsy is recommended. Congenital hemangiomas, in contrast to the more commonly seen hemangiomas of infancy, do not typically appear in full form prenatally; at birth, there may be small red spots or a pale white or pink precursor area. Postnatally, hemangiomas of infancy proliferate for several months and then naturally involute. Small retrospective imaging studies have attempted to distinguish infantile hemangioma from congenital hemangiomas. On sonography, RICH and NICH are more often heterogeneous in echotexture compared with infantile hemangioma, which is usually homogeneously echogenic. Congenital hemangiomas more commonly have detectible vessels compared with the infantile form. Calcifications have not reported in infantile hemangioma but have been identified in a subset of congenital hemangiomas. 24 
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Congenital vascular anomalies Location, size, morphology, and any functional impairment caused by the hemangioma influence decisions regarding imaging and/or treatment. Despite the now-historical temptation to leave hemangiomas alone because they will "go away on their own", in fact, early treatment allows for an optimal esthetic and functional outcome. Segmental hemangiomas of the cervicofacial and upper arm regions prompt evaluation for possible PHACES syndrome (Posterior fossa/other central nervous system [CNS] structural malformations, segmental Hemangiomas, Arterial anomalies, Cardiovascular anomalies, Eye abnormalities, and Sternal cleft/supraumbilical raphe or other midline abnormality). 25 Similarly, segmental hemangiomas on the lower back/ lumbosacral area, buttocks, and/or perianal area dictate an evaluation for possible LUMBAR association (Lower body segmental hemangioma, Urogenital anomalies and ulceration, Myelopathy, Bony abnormalities, Anorectal and/or Arterial anomalies, and Renal anomalies). 26 Representative images of patients with PHACE and LUMBAR symptoms are shown in Figures 5 and 6. Imaging for PHACE includes MRI with and without contrast to evaluate CNS structure, as well as magnetic resonance angiography of the brain, neck, and upper chest for evaluation of arteriopathies, which usually occur on the side ipsilateral to the facial hemangioma. Arteriopathies may include presistent embryonic arteries, atretic dysplastic tortuous vessels, and/or those with abnormal branching, as well as aortic arch anomalies. There is a high incidence of a funnel-shaped enlarged internal auditory canal, many of which have a hemangioma within their enlarged structure. 11, [27] [28] [29] Dandy-Walker malformation (which is characterized by vermian hypoplasia, cystic dilatation of the fourth ventricle, and an enlarged posterior fossa with torcular-lambdoid inversion) is the most common posterior fossa malformation associated with PHACES syndrome. Large cervicofacial hemangiomas are the hallmarks of PHACES, classically with a segmental distribution.
Although rare, stroke is a reported complication of the arterial cerebrovascular anomalies associated with PHACES syndrome. Aortic coarctation is the most common cardiovascular abnormality identified in this patient population. Other cardiac and aortic anomalies described in PHACES include patent ductus arteriosis, septal defects, pulmonary stenosis, aberrant subclavian artery, tetralogy of Fallot, and aortic aneurysms.
Prenatal PHACE may be suspected with ultrasonographic or MRI detection of unilateral cerebellar hypoplasia, other posterior fossa anomalies, sternal clefting, aortic arch, or other vascular dysplasias. [30] [31] [32] [33] [34] [35] Adults have been diagnosed retrospectively with PHACE (ie, questioning if the patients had facial segmental hemangiomas in infancy), after incidental findings of arteriopathies, cerebellar hypoplasia, and other abnormalities are found on CNS MRIs (obtained for other reasons). [36] [37] [38] 
Imaging of LUMBAR association
Ultrasonography of the lower spine, abdomen, and pelvis is indicated for midline segmental vascular lesions of the lower back, perineum, and buttock areas. The optimal age to perform a spinal ultrasound investigation in a neonate is less than 3-4 months due to lack of ossification of the posterior elements of the spine. Sonography of the spine beyond 6 months of age is often limited. 39 MRI with contrast confirms suspected abnormalities after an abnormal ultrasound result and is the first-line study in elderly patients for whom ultrasonography is technically limited. 
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Blei and Bittman Subcutaneous hemangiomas often warrant evaluation to confirm reassuring radiologic findings. If any concerns arise clinically or radiologically, histologic confirmation should be considered. The differential diagnosis includes pilomatrixoma, pericytoma, sarcoma, lymphoma, rhabdomyosarcoma, neuroblastoma, and other diagnoses.
KHE, which may be seen in the newborn period, can present as a boggy, red/purple mass with ill-defined borders (Figure 7 ). Kasabach-Merritt phenomenon (with profound thrombocytopenia and hypofibrinogenemia) may accompany this diagnosis, although several cases without a hematologic abnormality have been described. 40 Patients with Kasabach-Merritt syndrome can be quite ill, with hemorrhage into the lesion or elsewhere. This is generally treated medically with vincristine, sirolimus, steroids, or other agents. [41] [42] [43] [44] [45] A study comparing the efficacy of sirolimus vs vincristine is under way (NCT02110069).
Imaging of KHe
KHE involves a spectrum of lesions ranging from small superficial lesions to large infiltrative lesions with potential life-threatening complications. KHE is usually unifocal and is most commonly located in the extremity. The torso (thoracic cavity and retroperitoneum) and cervicofacial locations are the next most commonly affected locations. MRI is the most useful modality to assess KHE. On MRI, KHE is characterized as an infiltrative lesion with poorly defined borders. It often crosses tissue planes and involves the skin, subcutaneous soft tissues, with deep extension into the muscles, and possibly bone. Due to this appearance, it can mimic an infiltrative neoplasm such as sarcoma. On T1-weighted imaging, it is hypointense or isointense relative to skeletal muscle. On T2-weighted imaging, KHE is hyperintense in signal, with reticular edema-like signal within the subcutaneous fat, often referred to as "stranding". 8, 43, 46 In contrast, infantile hemangioma does not typically demonstrate an infiltrative growth pattern. After contrast administration, KHE demonstrates marked enhancement. Flow voids are often depicted along the periphery of the lesion, although these are less prominent compared with common hemangiomas. 47 CT shows an infiltrative soft tissue mass with ill-defined margins, skin thickening, and fat stranding within the subcutaneous fat. There is often homogeneous postcontrast enhancement. Ultrasonography often shows a solid mass with a heterogeneous echotexture with poorly defined borders. Color Doppler imaging demonstrates hypervascularity with high-resistance arterial waveforms. Sonography may be limited in determining the full extent of the lesion; therefore, MRI is the preferred modality.
Multifocal lymphangioendotheliomatosis ± thrombocytopenia (MLT) is a rare but important vascular anomaly. 48, 49 There are cutaneous (macular and popular red/purple) lesions of variable size, which may crust and bleed, as well as gastrointestinal, lung, or other parenchymal vascular lesions. Patients with MLT are at risk of severe gastrointestinal hemorrhage. 50
Vascular malformations Capillary malformation
Imaging is not usually necessary to make a diagnosis of capillary malformation (CM), which is diagnosed clinically. When imaging is performed, subtle signal abnormality is often seen superficially within the subcutaneous fat. CM may be a clue to an underlying structural malformation, with imaging playing an important role in its detection and characterization. Patients at risk for Sturge-Weber syndrome (SWS) represent a particular case, wherein patients with CMs should undergo neuroimaging.
Two recent studies have challenged the previously accepted notion that CMs over the distribution of the trigeminal nerve places patients at highest risk of SWS. 51, 52 In these papers, upper facial port-wine stains (forehead and temple areas) are correlated 
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Congenital vascular anomalies with neurologic involvement. A somatic mutation in the GNAQ gene in port-wine stains of patients with and without SWS has been identified. 53 It is believed that the earlier the mutation occurs, the more the cell types will be affected (eg, SWS), suggesting that SWS occurs due to an early somatic mosaicism.
Arteriovenous malformation
On sonography, low-resistance arterial flow is depicted within the arteries of an AVM. Sampling of the veins shows arterial waveforms due to shunting. The characteristic findings of an AVM on MRI include tortuous and enlarged vascular channels with a dilated draining vein. AVMs may have perilesional edema, but are not associated with a soft tissue mass. The high-flow vessels seen with AVM are hypointense curvilinear flow voids on spin-echo imaging. MRA is helpful in showing the high-flow nature of the malformation and can identify the supplying vessel.
Venous malformation
Although radiographs often have a limited role in the workup for suspected VM, radiographs may reveal pathognomonic phleboliths caused by thrombosis and calcification. When VMs reach a significant size, bony distortion from mass effect may occur. The most commonly observed bony finding is cortical thickening involving the bone adjacent to the VM due to venous stasis and venous hypertension, which leads to organized periosteal reaction. 54 VMs involving the bone result in hypoplasia, cortical thinning, demineralization, or osteolysis.
On grayscale ultrasound imaging, VMs appear heterogeneous and are typically hypoechoic relative to adjacent tissue. Tubular hypoechoic channels are seen in ,50% of cases. 55 Although rarely identified on ultrasonography, phleboliths appear as well-defined echogenic foci with posterior acoustic shadowing. When superficial, VMs are compressible when pressure is applied to the transducer. Color Doppler imaging typically demonstrates venous monophasic flow within the malformation. In a minority of cases, flow is not demonstrated, which may be related to thrombosis or flow below a detectible level. 55 CT plays a limited role in the workup for VMs mainly due to poor contrast resolution and due to the effects of ionizing radiation. When a VM is encountered on CT, it is typically hypodense on noncontrast imaging with internal calcified phleboliths. After contrast administration, there is tubular enhancement of the malformation because of the opacification of the venous channels.
VMs are best demonstrated and characterized on MRI (Figure 8 ). VMs may be small and localized or diffuse and 56 Enhancement is typically present within the low-flow vascular channels. The presence of enhancement is an important differentiating feature from nonenhancing cystic lesions such as LM.
Lymphatic malformation
Clinically, LMs (Figure 9 ) may present as soft compressible masses with normal overlying skin. A diagnostic feature is the transillumination of these lesions ( Figure 9B ). LMs may be classified as macrocystic or microcystic depending on their imaging appearance. On sonography, macrocystic LMs appear as hypoechoic cystic spaces with thin internal septations. Although ultrasonography may be adequate to define subcutaneous cystic nonvascular prominent masses, MRI with contrast is the preferred method to define the anatomic extent of the process and, importantly, its juxtaposition with other structures. This will also help in treatment planning. Microcystic LMs appear as echogenic areas on soft tissue thickening. 56 The cysts in a microcystic LM are usually too small to identify as discrete structures on MRI and usually appear as diffuse areas of low T1 signal and increased signal on T2-weighted imaging, with absence of or mild postcontrast enhancement. On MRI, macrocystic LMs appear as well-defined cysts characterized by hypointense signal on T1-weighted imaging and marked hyperintense signal on T2-weighted imaging. Fluid-fluid levels are common, due to internal hemorrhage or proteinaceous material, although a feature that is not pathognomonic for LM as they can be seen in a minority of VMs. After gadolinium administration, there is septal and peripheral enhancement, but the cystic spaces are not internally enhanced, which is a helpful differentiating feature from VM. Edema and enhancement of the adjacent soft tissue may be present in the setting of an inflamed LM.
Syndromic VMs
Syndromic hemangiomas and VMs are summarized in Tables 2 and 3 , respectively. Many patients with VMs have skeletal, soft tissue, adipose, and/or parenchymal overgrowth. They are phenotypically distinct, and causative genetic mutations have been identified for many. In most cases, the identified mutation presents mosaic expression due to a somatic (postzygotic) mutational event; thus, these syndromes 
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Blei and Bittman are not familial. These patients in particular require ongoing surveillance, collaboration among multiple specialists, and -in some cases -early screening for potential malignancies. Syndromes which include slow-and fast-flow lesions are: blue rubber bleb nevus syndrome ( Figure 10 ), Proteus syndrome, Klippel-Trenaunay syndrome (CM, VM, and/ or LM, soft tissue hypertrophy and/or skeletal anomalies), RASA-1 AVM-CM (AVMs with multiple cutaneous CMs), and hereditary hemorrhagic telangiectasia (HHT), the latter which is inherited as an autosomal dominant trait (Figure 11 ), Parkes Weber syndrome (CM, VM with arteriovenous fistula), CLOVES (congenital lipomatous overgrowth, VMs, epidermal nevus, and spinal/skeletal scoliosis - Figure 12 ), and SWS. Many new treatments are derived from basic and genetic studies, which have identified signaling pathways that are operative in the evolution of vascular anomaly syndromes ( Figure 13 ). 57 Patients experience epistaxis due to telangiectatic vessels, as well as gastrointestinal and parenchymal AVMs in the gastrointestinal tract, lungs, brain, and/or liver. There may be subungual, facial, lip, tongue, and/or intraoral telangiectasias ( Figure 11 ). On radiography, pulmonary AVMs demonstrate a well-defined lobulated pulmonary nodule with a draining vein. CT with contrast demonstrates an enhancing wellcircumscribed mass with an enhancing feeding artery and draining vein.
Hereditary hemorrhagic telangiectasia
Blue rubber bleb nevus syndrome
Patients with blue rubber bleb nevus syndrome have multiple small soft blue VMs of variable size in the skin, gastrointestinal tract, and other organs ( Figure 10 ). On imaging, gastrointestinal tract VMs are characteristic, with the small bowel most commonly affected. Fluoroscopic examinations demonstrate multiple polypoid filling defects, potentially mimicking a polyposis syndrome. Radiographs and CT images demonstrate multiple calcifications, reflecting phleboliths. MRI is useful in detecting the VMs in the musculoskeletal system and solid organ involvement. As detailed in the section on VMs, VMs are typically hypointense on T1-weighted imaging, hyperintense on T2-weighted sequences, and enhanced after gadolinium administration. Phleboliths are common, manifesting as round T2 hypointense filling defects.
Maffucci syndrome
Maffucci syndrome is a nonhereditary enchondromatosis characterized by multiple enchondromas and soft tissue spindle cell hemangioendotheliomas. 58 On the basis of the Mulliken and Glowacki classification scheme, 3 the "hemangioendotheliomas" may represent a form of VM as they often contain phleboliths. Patients with enchondromatoses have an increased risk of chondrosarcomatous transformation, seen in up to 15%-30% of cases. 59, 60 Radiographs are often pathognomonic, showing enchondromas of the small bones of the hands and feet and soft tissue calcifications representing phleboliths. On radiographs, the enchondromas 
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Congenital vascular anomalies are defined, expansile lucent bony lesions with endosteal scalloping and cortical thinning. There is often a mineralized matrix with an ring-and-arc pattern. On MRI, enchondromas have similar signal intensity as cartilage on all pulse sequences; they are hypointense or isointense on T1-weighted imaging, hyperintense on both T2-weighted and cartilage-sensitive sequences, and may demonstrate peripheral enhancement.
Prenatal diagnosis of vascular anomalies
Antenatal detection of vascular anomalies can be important for parental anticipation, fetal monitoring, pre-and postnatal management, and obstetrical decision-making. Marler et al 61 reported 29 patients in a 12-month period prenatally diagnosed with a vascular anomaly, 42% of whom were incorrectly diagnosed. In this series, patients correctly diagnosed had optimal decision-making with regard to in utero therapy and mode of delivery (vaginal, cesarean section, ex utero intrapartum treatment procedure). 61 Radiologic evaluation provides noninvasive detection of prenatally diagnosed vascular anomalies, including dysmorphic or asymmetrical organs/limbs or abnormal growth patterns, which may be detected with prenatal ultrasonography. Fetal MRI can confirm and refine diagnoses suspected on ultrasonography and assist in arranging the most appropriate type of delivery. 10, 62 For disorders with identified genomic mutations in a proband, molecular genetic testing may be utilized. Preimplantation genetic diagnosis, amniocentesis, or chorionic villus sampling may be feasible for future offspring.
Resources
Currently, there are several vascular anomalies-related therapeutic trials, registries, and observational and genetic studies. A database of clinical trials and other studies in the USA and Laser and oral or topical sirolimus vs laser alone for portwine stain-type CMs (NCT00830466, NCT02214706), Bevacizumab or Timolol Nasal Spray for HHT-related epistaxis (NCT02106520, NCT02157987, NCT02484716, and NCT01752049), Thalidomide or Pazopanib for HHT (NCT01485224, NCT02204371), as well as several registries and imaging and sclerotherapy studies. Instructive Web sites are listed in Table 4 and include the following: Online Mendelian Inheritance in Man (OMIM ® ; http://www.omim.org), which provides OMIM numbers for each disorder as well as academic summaries and links to relevant publications. Genetics Home Reference (http://ghr.nlm.nih.gov) provides, in layman's terms, medical and genetic information. The Genetic Testing Registry ® is particularly robust, synthesizing information from various Web sites to include available clinical and research tests, diagnoses/phenotypes, genetic mutations, and approved state and Clinical Laboratory Improvement Amendments (CLIA)-approved laboratories worldwide. GeneTests (https://www.genetests.org) links to OMIM and other sites, as well as providing a comprehensive database of international laboratories performing genetic testing, including availability for research and/or clinical test method and availability of prenatal and carrier testing. GeneReviews ® provides peer-reviewed concise summaries of clinical and genetic information with links to PubMed; however, this may not be as updated (last viewed August 9, 2015) as other sites. The Vascular Anomaly and Lymphedema Mutation Database, maintained by the Laboratory of Human Molecular Genetics, de Duve Institute, Brussels (Belgium) is an excellent resource for recognized mutations for several vascular anomalies-related disorders, with links to PubMed references and an analysis of types of variants reported.
Patient-/family-initiated foundations and support groups provide patient/family education, advocacy, guidelines, direct research funding, links to outside funding opportunities, and financial assistance ( Table 5 ). Many funding agencies now encourage patient advocates as panel members and grant reviewers. Patient advocacy groups have become extremely important in moving the field forward, with patient/family education, support, activism, guidelines, fundraising, direct research funding, links to outside funding opportunities, and liaisons with professional organizations and government agencies.
Summary and conclusion
It should be apparent that the term "vascular anomalies" does indeed represent a spectrum of vascular disorders, and that evaluation, diagnosis, and management is a multidisciplinary process. Experts in medical and surgical subspecialties (otolaryngology, plastic/reconstructive surgery, dermatology, orthopedics, ophthalmology, neurosurgery, urology, and general medicine), as well as geneticists, physiatrists, and others, work as a team.
It is important to recognize the clinical presentation and to establish an appropriate diagnosis to most appropriately evaluate and manage the patients. Some congenital vascular anomalies require no or minimal intervention, while others require a cohesive multidisciplinary approach. Understanding these nuances and complexities is essential for the most comprehensive care and optimal clinical outcomes.
